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Abstract Susan Harper writes about how a cross-cultural learning community can be
formed where people from different cultures are not simply assimilated into a school
science community but are seen and heard. This makes learning reciprocal and meaningful
for both recent refugees and the dominant population. Although maybe not refugees,
students from poorer backgrounds in many countries are less likely to choose science at a
post-compulsory level. This article discusses some of the potential barriers that are faced
by many of these students, that prevent them from participating in school science. It
suggests how people involved in school science might address these issues to allow a
smoother cultural border crossing between the students’ cultures and school science culture
by reducing the significance of the crossing.
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In her article Keystone characteristics that support cultural resilience in Karen refugee
parents, Susan Harper demonstrates the importance of a cross-cultural learning commu-
nity, that includes parents, children and schools, for effective and embodied science
learning for the whole school and wider community. This leads to a climate of shared
learning where Karen culture is not assimilated into the dominant culture of (school)
science but is articulated and heard, making learning reciprocal, and therefore meaningful
Lead Editor: M. Reiss.
This review essay addresses issues raised in Susan Harper’s paper entitled: Keystone characteristics that
support cultural resilience in Karen refugee parents. doi:10.1007/s11422-015-9681-9.
& Indira Banner
i.banner@education.leeds.ac.uk
1 School of Education, University of Leeds, Leeds LS2 9JT, UK
123
Cult Stud of Sci Educ (2016) 11:1071–1079
DOI 10.1007/s11422-016-9729-5
to the Karen refugees. The Karen culture becomes a valued and valuable part of learning
and the families then are not victims but actors in the children’s education. This is par-
ticularly important for refugee families who may struggle to maintain their identity, and try
to fight assimilation into their new environment in order to preserve it.
The study identifies a number of approaches towards an inclusive science education that
could be explored, not only with refugees but with other marginalised groups within a
society. This is not to detract from the very complex and disturbing issues particular to
many refugees, rather to accept that working with cultural differences, rather than against
them (as in Harper’s description of the Hmong teacher believing her culture was a barrier
to science learning) potentially allows for a greater participation and engagement in school
science. Harper refers to Pierre Bourdieu’s ideas of cultural capital (1977) and Glen
Aikenhead’s cultural border crossing (1997), as well as the importance of cultural identity
and identity as a science learner. These ideas, in the context of science education, in
England for example, have resonance for teachers and schools with refugee and immigrant
children and also for those schools who have children from backgrounds of low socio-
economic status (SES), or even girls.
Cultural border crossing
In England, children from lower SES backgrounds tend not to attain as highly in science
examinations as children from higher SES backgrounds (Homer et al. 2011). If there is a
‘choice’ as to which science course or route to follow then the majority of children from
lower SES backgrounds are entered for science courses that traditionally are seen as having
a lower academic standard (e.g. applied science courses) (Homer et al. 2013). This results
in fewer children from lower SES and other backgrounds, such as many minority ethnic
groups and girls, taking post-compulsory science courses (JCQ 2014), particularly physics,
which over the past few years has sparked concerns in some quarters about the supply of
scientists (Royal Society 2011). There has been some discussion as to the extent of the
legitimacy of this argument (Smith and Gorard 2011); however, there does appear to be an
issue surrounding equality of access to subjects like post-compulsory physics for certain
groups of students. The main reason given for the disparity in participation between, for
example, students from low SES backgrounds and those who are not, is attainment, and the
major factor that predicts attainment at age 16 is prior attainment.
There are different arguments about the reasons for the attainment ‘gap’; some have a
basis in what Harper refers to as a deficit model of parenting, where ‘‘socially disadvan-
taged [parents] (…) tend to have low aspirations for themselves and their children’’
(Gutman and Akerman 2008, p. i) although some attempts at accounting for this difference
are given. It has been estimated that parental aspirations can have a positive influence on
students’ attainment, in some cases equivalent to four terms of progression (Strand 2007).
More recent research from the Joseph Rowntree Foundation indicates that contrary to this
assumed view, families from disadvantaged backgrounds do have high aspirations for their
children, as do the children themselves (Kintrea et al. 2011). Thinking about reasons for
these high aspirations often being unrealised is perhaps a more helpful place to start and,
like with the Karen people, instead of working against a negative or deficient image of
working class families and dealing with perceived faults, there could be an inclusive
attitude towards science education. This would be where teachers recognise that students in
school have to negotiate cultural border crossings when they move from their ‘life-world’
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to that of school science (Aikenhead 1996) and therefore a cross-cultural approach to
science education, connecting school science to students’ life-worlds, with an input from
parents, would be most effective in advancing science knowledge and understanding. Like
the Karen people feeling they were being assimilated into the dominant culture of science,
so students from lower SES backgrounds can feel that their views are not important or
valid and that rather than being enculturated into the school science world, they must be
assimilated into it (Aikenhead and Jegede 1999). This is where communities may push
back or try to resist assimilation into the dominant culture in order to maintain their
identities (Harper 2015). Parents may not be easy to engage and their school science
knowledge or skills may not be immediately evident, but there are other ways to engage
students and their families that perhaps don’t rely on a direct link to science.
Science learning is not just about what students know about science but also how to be a
part of the science world and how to actually ‘do’ science (Barton et al. 2008). This
involves a new and complex vocabulary where everyday words sometimes take on new and
specific meanings. There is also the issue of (academic) literacy and not being able to
access general explanations of phenomena in science as well the science-related keywords
(Claussen and Osborne 2013). The importance of language and talk in teaching is clear in
developing students’ ideas (Scott et al. 2007) and ‘doing’ science also supports students’
development of science words into science concepts where a deep understanding of the
vocabulary shows how students link the keywords to other situations and how to use them
to explain ideas accurately (Haug and Ødegaard 2014). If this is not taught well then
students can feel isolated in their science lessons; Patchen and Cox-Petersen (2008, p. 995)
describe some young students’ experiences of science education as being ‘‘often unrec-
ognizable or incomprehensible for students from different ethnic, linguistic, or class
backgrounds’’.
Difference in ethnic, linguistic and class backgrounds between teachers and students, in
England for example, which may have a detrimental effect on students’ learning, happen
because the workforce reflects the dominant educational culture. If students come into a
class which has an alien capital it is much harder for them to cross borders into the new
world; meanwhile, students who come from that culture will more easily gain from it
(Claussen and Osborne 2013). The large majority of teachers in England (nearly 90 %), for
example, are white (Department for Education 2015) and given the qualifications needed to
teach science in secondary school the majority of teachers are likely also to be from middle
class backgrounds. This may be very different from a teacher’s students. However, this
discrepancy is similar to descriptions of scientists from the past that may feature in science
education. It is indeed similar to many children’s apparent perceptions of scientists, as
depicted by Einstein-type figures, when asked to draw a scientist (Schibeci 2006). A brief
discussion of the value of the Draw A Scientist Test (DAST) suggests that if viewed with
caution the DAST is still a potential indicator of what students imagine scientists are like
(ibid.). More recently, from a small scale study in Turkey, it was found that students from
higher SES backgrounds were less likely to draw the stereotypical male scientist whereas
students from a lower SES were (Buldu 2006). In addition, Schibeci (2006) reviewed many
articles indicating that the number of female scientists drawn by female students has
increased in more recent studies. This view of scientists as ‘other’, matching with a view of
science teachers in the same way, may be a factor in the border-crossing that students have
to do to enter the school science world.
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Cultural capital
Recent research from the Science Aspirations and Careers Choice (ASPIRES) project has
shown that students tend to have high aspirations although not necessarily for science
(Archer et al. 2012). Cultural capital with relation to school science is important; Archer
and her colleagues have called this ‘science capital’ and it tends to be greater in middle
class families. This is linked to understanding what it means to ‘do’ science and be a
scientist. This is supported by Mujtaba and Reiss (2013) in the UPMAP project who found
that students who chose to go into science-related post-compulsory courses tended to have
had one or more significant adults who had generated an interest or encouraged them in
some way. In linked research, from the EISER project (Banner and Ryder 2014), when
some students were asked about to which careers having science qualifications would lead,
the answers were to be a scientist, a doctor or a science teacher; this is also documented by
Archer et al. (2010) and suggests that students can have very limited views about the use of
science in their professional lives.
Students and their families without much science capital may have high aspirations
(including in science) but be unable to support students in their decisions and choices
because of being unaware of pathways, appropriate decisions and careers that come out of
studying science (Archer et al. 2010; Carter-Wall and Whitfield 2012). This was evident in
recent research in a secondary school in England where many of the students interviewed,
in their final year of compulsory education, talked about having career aspirations that
were varied and challenging (which could be described as high) but some of the students
were not apparently aware of whether any or what type of post-compulsory study was
necessary or how to negotiate and navigate getting there (Banner in prep). It is not sur-
prising that being unaware of career goals or ways of achieving those goals influence what
students think about when post-compulsory choices are made and limit possible choice
(Aschbacher et al. 2010). Croll (2009) documented that students from low SES back-
grounds were less likely to stay in post-compulsory education even when accounting for
attainment (and low attaining students even less likely to stay on in education). Suggested
reasons for this too are that these students were unsure of what post-compulsory education
meant to them, how to do it and what the options were. This cycle of less education and a
less desirable job is easily repeated over generations.
Post-compulsory is the key term here and many students choose non-science subjects, if
they study post-16, and it is not the purpose here to try to make them choose science.
Rather, the argument is that all students should be able to engage with and learn from the
compulsory science education up to and including age 16 (in England) and then make
informed decisions about whether to continue with science in the post-compulsory phase.
Attempts in England in the 2006 science curriculum reforms seemed to have had partial
success in designing a school science course, called Core Science, that was intended as
science for all, not just for scientists. The majority of science qualifications for students
aged 14–16 were to have this one part that, in addition to key science concepts, focused on
science in society to try to make the population more scientifically literate. Some students
who took an applied course alongside this, in their final year of compulsory schooling
(more likely for students from lower SES backgrounds), recognised the value of this
particular course in that it was linked to their lives and was perceived to have some purpose
(Banner and Ryder 2014). Students also appreciated continuous assessment elements that
were more suited to their ways of working. However, this course was dropped a couple of
years later after the next UK government decided that the applied science qualification
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would not be valued as science in the then new public accountability measures. Now the
government once again is focusing on a science education for future scientists for the
economic benefit of the country and as such it could be argued that it is also maintaining
the elite social structure with science for the few and not for the many (Bencze 2010). The
previous curriculum was not wholly successful in its mission; some students taking two
applied courses (and not the Core Science course) who were asked about the relevance of
school science to their lives still felt that they were learning science for future scientists
and therefore it was not relevant to them (Banner and Ryder 2014). The importance of
teachers and teaching in this, and in much data related to students’ school experiences and
choices, should not be underestimated (ibid). However, the evidence from the EISER
project suggested that a curriculum can be designed to make school students’ cultural
border crossing easier, by changing a ‘‘deficit learning discourse’’ (Harper 2015, p. 6),
based in the dominant middle class culture of science, to one where everyday knowledge
and experiences of all families is acknowledged and shared.
Identity as a science learner
Students and their families may also have high expectations ‘‘eroded by negative experi-
ence’’ (Carter-Wall and Whitfield 2012, p. 4). These may come from schools and teachers,
not necessarily an intentional marginalisation of students from poorer backgrounds but in a
failure to see the importance in giving students a can-do approach to (science) education.
There is a cultural discourse that pervades school science, from staff as well as students,
that science is hard and only for (naturally) clever people (Archer et al. 2010); this can
easily lead to the well-documented ‘not for me’ identity even among those students who
enjoy science lessons in school. Science identity is formed initially by a mixture of
background and upbringing and reinforced (or not) by teachers’ responses to that devel-
oping identity, where for example girls may not be as challenged as boys are when
questioned due to lower expectations from teachers (Brickhouse et al. 2000). In a summer
programme for school students, designed to encourage them to consider a career in science
and related areas, Lee (2002) found that it was more successful with girls than boys. This
was explained by boys having more durable and stable identities, indicating that girls’
views about themselves can be influenced.
Barton et al. (2008) talk about identities as being multiple and flexible; students from
poor backgrounds were allowed the freedom to learn science by completing tasks using
capabilities and proficiencies that they had outside the classroom (e.g. presenting work as a
pop song or a rap). This meant, like Karen parents becoming actors instead of victims,
school students were experts rather than novices. These students could develop new and
temporary identities that allowed them to link their lived worlds and the science classroom.
Identity is closely linked to knowledge and understanding of the relevance of science to a
range of careers (as discussed previously) and seeing or learning about people from a wide
range of jobs and careers using science to a lesser or greater extent is likely to reduce
feelings of exclusion (Jonathan Osborne and Dillon 2008). However, exposing school
students to a narrow range of university science students perhaps could be detrimental. In
one study, students from a regional comprehensive school were taken to meet medical
students in the local university. The university students were not from that area of the
country and none in the group had any regional accents. After a few hours of talks and
questions and answers, school students returned to school thinking that medicine at
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university was not for them (pers. comm.). Other negative experiences that may impact on
future science participation might be as a result of what students perceive to be bad
teaching or teachers (J. Osborne et al. 2003).
Teachers and teaching
Teachers have an important role to play in facilitating students’ cultural border crossings
and encouraging a version of students’ identities that allows them to see science as an
option for them in the future. This might be in the shape of supporting the border crossing
and reducing the magnitude of the border that some children have to cross. As discussed
above, teachers can allow students to be proficient at a method of presenting and
explaining science to give them a way into the school science ‘world’. The pedagogies
which teachers may use to encourage students to find meaning in science and engage with
it are well-known but perhaps still not widely used, for example, different methods based
in social constructivism (Driver et al. 1994). Patchen and Cox-Petersen (2008) discuss
some links with this and a different approach called culturally relevant pedagogy where
typical power relationships between teacher and students are re-thought and where links
between home and school are reinforced. This approach has commonalities with social
constructivism and a positive attitude towards and use of the home language to help teach
difficult science concepts is seen by the authors as a method of increasing successful border
crossing with otherwise marginalised students. It is thought, though, that teachers may feel
as if they have not got the knowledge or skills to be able to use approaches like this (ibid.).
There are also calls for changes of the focus in curricula, for science to be made relevant
to students’ lives. Relevant content taught in context-based science lessons has been an
approach designed to engage students in their science learning. Some studies have shown
that a contextualised approached, maybe featuring a local issue, has increased attainment in
and positive attitudes towards school science (M. K. Lee and Erdogan 2007), although the
actual effect of this in terms of changes in behaviour might be harder to show (Kanter and
Konstantopoulos 2010). This might be hindered further by assessment practices, which do
not encourage knowledge in contextualised situations, as well as unclear understandings of
what contextualised science means, by teachers and parents as well as students (Tytler
et al. 2008).
A step further is perhaps to reconsider the identity of science education, not just by
contextualising the same content but rather by seeing it as a way of teaching science skills
and processes, approaches to research, evidence and so on. This might be by engaging
students in local projects so that they are genuinely contributing to finding a solution
(Tytler et al. 2011). It might be about changing what science means to students by making
school science all about creativity, collaboration and innovation, things that students feel
are important in their lives now (Schreiner and Sjoberg 2007). In some ways this is
encouraging students to feel that their lives are relevant to learning science, which may be
more empowering than the discourse that tries to make science more ‘relevant’ to them.
This is about answering questions about the purposes of a science education and at whom it
is aimed in a rapidly changing (science) world. Arguments for the varying purposes are
persuasive, particularly perhaps those that recognise the changing nature of society and the
perceived need for a population who can access and understand how science works rather
than remembering a list of facts about what things are called and what they do (Millar and
Osborne 1998). However, designing a single curriculum for the many (who do not go on to
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become scientists) and for the few (who do) may seem to be something that is hard to
reconcile (Ryder and Banner 2010), and perhaps pedagogy and the talk in the classroom
around science as being say, useful or relevant are more important that the curriculum itself
(Tytler 2007).
It is important that teachers are honest about science and what learning science is for, to
broaden its appeal and relevance to their students; science is sometimes ‘sold’ negatively,
without science you can’t be a nurse, as opposed to being a positive thing such as with
science you can do many things (DeWitt et al. 2013). However, there are some limitations
to the push towards engaging students with school science for careers. This instrumental
approach is fine with a minority of students who want to do something in their future that
they perceive is (linked to) science but for those who don’t this could cause further
alienation. The different purposes of science education (e.g. Millar 1996) are perhaps not
considered enough: the cultural achievement of humans in their explorations and expla-
nations of the world around us, so students appreciate the wonder of science rather like
they might appreciate art and music—this emphasis could make links between students and
school and thus border crossing should be less difficult (Claussen and Osborne 2013);
although teachers would need to find ways of getting away from old white males from the
western world. Science is also a subject where processes such as observation, persever-
ance, analysis and recognition of relationships to draw conclusions are important in fur-
thering knowledge in the science sphere as well as for non-science related citizenship
(Claussen and Osborne 2013). An emphasis on what can be learnt about these things and
how they might be useful or relevant is likely to resonate with a larger group of students.
Concluding thoughts
The differences between small communities of Karen refugees in USA and a large group of
marginalised people in their own country are sizeable, many and varied which means that
encouraging meaningful learning in school science will not work in exactly the same way.
However, this doesn’t prevent thinking about creating a cross-cultural learning community
by acknowledging that cultural border crossing is difficult for many students trying to fit into
the school science world. Developing and maintaining a positive science identity, which may
not fit with other personal identities or with the view of teachers and other significant adults,
also needs to be understood so as at least to challenge assumptions that can be made by
students, their families and teachers when negotiating school science culture. Students should
be given opportunities in school to make connections between what they already know
(outside school and not necessarily science) and with what they need to know—a natural
extension of social constructivism but broadened to beyond science content and process
(Barton et al. 2008). Parents of children from low SES backgrounds in their own country, for
example, may genuinely not have a link to school science, including horticulture and other
more applied subjects. However, involving parents in some forms of meaningful science
education, perhaps in after-school or out-of-school settings, to help plan, manage or con-
tribute towards sessions may break down cultural barriers between home and school, and
life-worlds and science-worlds. This signals that the school does not view families with low
science capital as a problematic issue to overcome but creates a culture of reciprocity of
learning that celebrates diverse knowledge and culture as a part of learning.
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